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REMARKS 

Claims 5-13 are pending in this application. By this Preliminary Amendment, 
Applicants AMEND the specification and the abstract of the disclosure, CANCEL claims 
1 -4 and ADD new claims 5-1 3. j 

Applicants have attached hereto a Substitute Specification in order to make 
corrections of minor informalities contained in the originally filed specification. 
Applicans' undersigned representative hereby declares and states that the Substitute 
Specification filed concurrently herewith does not add any new matter whatsoever to the 
above-identified patent application. Accordingly, entry and consideration of the 
Substitute Specification are respectfully requested. 

The changes to the specification have been made to correct minor informalities 
to facilitate examination of the present application. 

Applicants respectfully submit that this application is in condition for allowance. 
Favorable consideration and prompt allowance are respectfully solicited. 

Respectfully submitted, 



Date: December 24, 2004 




Attorneys for Applicants 
Joseph R. Keating 
Registration No. 37,368 

Christopher A. Bennett 

KEATING & BENNETT, LLP Registration No. 46,71 0 

10400 Eaton Place, Suite 312 
Fairfax, Virginia 22030 
Telephone: (703) 385-5200 
Facsimile: (703) 385-5080 



10/519643 

DT15 Rec'd PCT/PTO 2 4 DEC 2004 



MARKED-UP VERSION OF 
SUBSTITUTE SPECIFICATION 



10/519642 

OT15 Rec f d PCT/PTO 2 4 DEC 2004 



DESCRIPTION 

Attorney Docket No. 36856.1311 

RADAR 

TECHNIC A fcBACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a radar for scanning a beam 
over a predetermined scanning range. 

Dackground 2 . Description of the Related Art 

A millimeter-wave type of car-mounted radar that varies the 
beam azimuth over a predetermined scanning range has been 
developed. This type of radar transmits and receives a detection 
signal, and scans a beam to detect the azimuth of a target from 
changes in received signal strength. For example, in Japanese 
Unexamined Patent Application Publication No. 2000-180532, changes 
in received signal strength in the azimuthal direction are 
determined. When the pattern of the changes in the received 
signal strength includes a chevron, the azimuth at which a peak of 
the received signal strength occurs is detected as the target 
azimuth . 

However, this detecting method of the target azimuth based on 
the chevron pattern formed in of the changes in the received 
signal strength (a signal-strength profile) generated by the beam 
scanning cannot detect the azimuth of a target that does not 
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cauGc produce a chevron in the signal-strength profile. For 
example, when a target exists at an azimuth of the outermost angle 
in the scanning angular range of the beam, only one side of a 
chevron is formed. Moreover, when a target exists outside and 
adjacent to the outermost angle where the azimuth can be detected 
in a beam width, only a part portion of a chevron is formed in the 
signal-strength profile. In both cases, however, only a "shadow" 
of the target located outside the scanning angular range is cast 
in the scanning angular range, and the position of the peak in the 
signal-strength profile cannot be detected. As a result, the 
target azimuth cannot be detected. 
It is an object 

SUMMARY OF THE INVENTION 

To overcome the problems described above, preferred 

embodiments of the present invention -fee— provide a radar that can 
detect target azimuths located outside and adjacent to a scanning 
angular range of a beam. 

According to the radar of preferred embodiments of the present 
invention, when a target is adjacent to a predetermined scanning 
angular range, a signal-strength profile having a portion of a 
convex adjacent to the outermost angle in the scanning angular 
range is determined, and the approximate target azimuth is 
estimated from this signal-strength profile. Accordingly, the 

target azimuth can be detected beyond the scanning angular range. 

i 

Moreover, the target azimuth is estimated from a ratio between 

received signal strengths at at least two beam azimuths. 
Accordingly, the target azimuth can be estimated with a small 
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amount of data and with a simple calculation. 

Furthermore, the reflectivity of the target is determined on 

the basis of the ratio between the received signal strengths at 
the two beam azimuths and the directional characteristic of an 
antenna. Accordingly, not only the azimuth but also the 
approximate size of the target is detected for a target outside 
and adjacent to the outermost angle in the scanning angular range. 

In addition, the target azimuth is estimated from the number 

of beams having received signal strengths exceeding a threshold 
level and from the received signal strength of at least one of the 
beams in an azimuth range of half of a beam width, from the 
outermost angle, having antenna gains exceeding a predetermined 
threshold level. Accordingly, the target azimuth adjacent to the 
scanning angular range can be estimated with a simple process. 

Other features, elements, steps, characteristics and 
advantages of the present invention will become more apparent from 
the following detailed description of preferred embodiments with 
reference to the attached drawings. 

Disclosure of Invention 

i 

To achieve the above described object, — according to the radar 

of the present invention, — when a target exists adjacent to a 
predetermined scanning angular range, — a signal strength profile 
having part of a convex adjacent to the outermost angle in the 

scanning angular range is determined. The present invention is 

characterized in that the approximate target azimuth is estimated 

from this signal strength profile. Accordingly, — the target 

i 
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azimuth can be detected beyond the scanning angular range. 

Moreover, — the present invention is characterized in that the 

target azimuth is estimated from a ratio between received signal 

strengths at at least two beam azimuths, Accordingly, — the target 

azimuth can be estimated with a small amount of data and with a 
simple calculation. 

Furthermore , — the present invention is characterized in that 

the reflectivity of the target is determined on the basis of the 
ratio between the received signal strengths at the two beam 
azimuths and the directional characteristic of an antenna. 
Accordingly, — not only the azimuth but also the approximate size 
can be detected for" a target outside arid adjacent to the outermost 
angle in the scanning angular range. 

In addition, — the present invention is characterized in that 

the target azimuth is estimated from the number of beams having 
received signal strengths exceeding a threshold level and from the 
received signal strength of at least one of the beams in an 
azimuth range of half of a beam width, — from the outermost angle, 
having antenna gains exceeding a predetermined threshold level. 
Accordingly, — the target azimuth adjacent to the scanning angular 
range can be estimated with a simple process. 

Brief Description of the Drawings 

Fig. — 1 — is a block diagram illustrating the structure of a 

radar according to a first embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram illustrating the structure of a 

4 



radar according to a preferred embodiment of the present invention. 

Fig. 2 illustrates a directional characteristic of an antenna 
of the radar . 

Fig. 3 illustrates the directional characteristic of the 
antenna plotted on Cartesian coordinates. 

Fig. 4 illustrates the relationship between the azimuthal 
angle of the antenna and the gain and the like. 

Fig. 5 illustrates the layout of a scanning range of a beam 
and the position of a target. 

Fig. 6 illustrates an example of changes in received signal 
strength as a function of the azimuthal angle of the beam. 

Fig. 7 illustrates changes in differences of received signal 
strengths between the outermost beam and the second outermost beam 
when the target azimuth is varied. 

Fig. 8 illustrates the relationship of differences of the 
received signal strengths between the outermost beam and the 
second outermost beam. 

Fig. 9 illustrates an example of the number of beams having 
received signal strengths exceeding a threshold level. 

Fig. 10 illustrates the relationship among the number of beams 
having the received signal strengths exceeding the threshold level, 
the received signal strength of the outermost beam, and the 
estimated azimuth of the target. 

Best Mode for Carrying Out the Invention 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

i 

The structure of a millimeter-wave car-mounted radar according 
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to an cmbodimcnt pref erred embodiments of the present invention 
will now be described with reference to the drawings. 

Fig. 1 is a block diagram illustrating the structure of the 
radar. In Fig. 1, the element 1 is an RF block and the element 2 
is a signal-processing block. The RF block 1 transmits and 
receives a millimeter-wave detection radio wave, and outputs a 
beat signal between a transmitted wave and a received wave to the 
signal-processing block 2. A modulation counter 11 in the signal- 
processing block 2 counts for finally gcncrating the beat signals 
to generate a triangular wave from a D/A converter 10, and outputs 
the value to the D/A converter 10. The D/A converter 10 converts 
the count value into an analog voltage signal, and provides the 
signal to a voltage-controlled oscillator (VCO) 8 in the RF block 
1 . Herewith, the transmitted wave is frequency-modulated. The 
signal oscillated by the VCO 8 is supplied to a primary radiator 4 
via an isolator 7, a coupler 6, and a circulator 5. This primary 
radiator 4 is disposed at a focal plane or adjacent to the focal 
plane of a dielectric lens 3. The dielectric lens 3 focuses the 
millimeter-wave signal radiated from the primary radiator 4 into a 
sharp beam. The primary radiator 4 and the dielectric lens 3 
f orm def ine an antenna. 

When a reflected wave from a target, such as a vehicle, enters 
the primary radiator 4 via the dielectric lens 3, the received 

signal is sent to a mixer 9 via the circulator 5. The received 

! 

signal and a local signal that is a part of the transmitter signal 
from the coupler 6 are input to the mixer 9, and a beat signal 
having a frequency corresponding to the frequency difference 
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between the received signal and the local signal is output to an 
A/D converter 12 in the signal-processing block 2 as an 
intermediate-frequency signal. The A/D converter 12 converts the 
signal into digital data. A digital signal processor (DSP) 13 
performs a fast Fourier transform (FFT) on the data stream input 
from the A/D converter 12 to calculate the relative distance and 
the relative speed of thejtarget, and outputs them to a host via 
an output circuit 15. 

The element 16 in the RF block 1 is a scanning unit 
trans 1 at ing that translates the primary radiator 4 in the focal 
plane of the dielectric lens 3 or in a plane parallel to the focal 
plane. A 0-dB coupler is f ormcd provided between the moving 
portion including the primary radiator 4 and the fixed portion. 
The element M is a driving motor for the scanning unit 16. A beam 
is scanned by this motor, for example, within a range from about - 
10.0° to about +10.0° in steps of about 0.5° at intervals of about 
100 ms. 

The element 14 in the, signal-processing block 2 is a 
microprocessor unit control ling that controls the modulation 
counter 11 and the scanning unit 16. This microprocessor unit 14 
orients the beam azimuth to a predetermined angle using the 
scanning unit 16, and determines a count interval while the 

scanning unit 16 is standing o till s tat ionary such that the VCO 8 

i 

modulates in a range of one wavelength including an upslope and a 
downslope of a triangle wave. 

Fig. 2 illustrates a directional characteristic of the above- 
described antenna. The symbol o indicates the position of the 
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antenna, and the symbol P indicates a pattern of the directional 
characteristic. In this pattern, the lengths in the direction of 
radiation from the position o, which is defined as 0, illustrate 
the gain of the antenna. ■ 

Fig. 3 illustrates the directional characteristic of the 
antenna shown in Fig. 2 plotted on Cartesian coordinates. The 
horizontal axis is the beam azimuth, and the vertical axis is a 
relative gain when the gain at the azimuth of 0°, i.e. the forward 
direction, is defined as 0 dB. For example, the relative gain is 
about -5 dB for a beam azimuth of about + 2° or about -2°, and the 
relative gain is about -18 dB for a beam azimuth of about +4° or 
about -4°. When signals having higher received signal strengths 
than a threshold level of the relative gain of about -27.5 dB are 
defined as signal components, signals having lower received signal 
strengths are defined as noise components, thereby one beam has a 
width ranging from about -5° to about +5°, i.e. about 10°. 

In a known technology, changes in the received signal strength 
as a function of the beam azimuth are determined as a signal- 
strength profile, and the azimuth of the maximum strength in a 
distribution of a series of the received signal strengths is 
simply determined as the target azimuth. For example, when the 
scanning angle ranges from about -10° to about +10°, targets 
located a^within a range from about -15° to about -10° are 
recognized as if all of them were located at about -10°, and 
targets located a^ twithin a range from about +10° to about +15° are 
recognized as if all of them were located at about +10°. 

However, the ratio between the received signal strength 
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obtained from the outermost (in terms of angle) beam in the 
scanning angular range of the beam and the received signal 
strength obtained from a beam one beam or a plurality of beams 
inside the outermost beam is determined by the azimuth of a target 
located adjacent to the outermost angle and outside the outermost 
angle. Accordingly, the target azimuth can be estimated by 
determining this ratio between the received signal strengths. 

Fig. 4 is a numerical table corresponding to the 
characteristic shown in Fig. 3. "Relative gain of transmitted- 
received beam" herein means a dB difference between the relative 
gain of a transmitted signal and the relative gain of a received 
signal when the beam azimuth varies in the scanning angular range 
of the beam. Accordingly, the value is twice as large as the 
"relative gain". Furthermore, the "gain difference from beam 
located about 0.5° inside" is a dB difference between the above-- 
described "relative gain of transmitted-received beam" and that of 
a beam located about 0.5° inside the outermost position. 

Fig. 5 illustrates the layout of a scanning angular range of a 

i 

beam and the position of a target located outside and adjacent to 
the outermost angle. In this preferred embodiment, the target is 
preferably located at an azimuth of about +12° that is about +2° 
outside the outermost angle of about 10°. 

Fig. 6 illustrates an example of changes in the received 
signal strength as a function of the beam azimuth. As illustrated, 

the received signal strength increases as the beam azimuth 

i 

approaches the outermost angle of about 10.0°, and this signal- 
strength profile is part a portion of a convex. 
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As in this example, when the scanning angular range from about 
-10° to about +10° is scanned in angular steps of about 0.5°, the 
relative gain of the transmitted-received beam to the target 
located at about +12° is about -10 dB, as shown in Fig. 4, since 
the target is located at a position of about -t-2° relatively to the 
beam of about +10°. Furthermore, since this target is located at 
an azimuth of about + 2. 5° relatively to the beam of about +9.5°, 
the relative gain of the transmitted-received beam is about -1 5 dB. 
Therefore, the ratio — (the difference^ in dB-K_ between both of the 
received signal strengths is about 5 dB. 

When this relationship is used, the target azimuth can be 
estimated with using the ratio dif f erence between the received 
signal strength of the beam at the outermost angle of about 10.0° 
and the received signal strength of the beam at about 9.5°. 

Fig. 7 illustrates an example of changes in the 

i 

ratioo dif f erences of the received signal strengths between the 
outermost beam and the second outermost beam when the target 
azimuth is varied among three different values, namely, about 
11.0°, about 12.0°, and about 13.0°. As described above, when the 
target azimuth is about 12°, the ratio dif f erence between the 
above-described received signal strengths is about 5.0 dB. On the 
other hand, the ratio dif f erence between the signal strengths is 
about 3 . 0 dB for the target azimuth of about 11 . 0° , and the 
ratio dif f erence between the signal strengths is about 7 . 0 dB for 
the target azimuth of about 13°. 

Fig. 8 illustrates the ratios dif f erences of the received 
signal strengths between the outermost beam on the plus side 
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( about -1-1 0.0°) and the second outermost beam ( about +9.5°) derived 
from Fig. 4. In the above-described example, since the 
ratio dif f erence of the received signal strengths between the 
outermost beam and the second outermost beam is 5 dB, the 
estimated target azimuth is about +12° from Fig. 8. 

The positive azimuth is illustrated in Fig. 8-rj_ however, the 
same result is achieved for the negative azimuth. 

Furthermore, when these relationships are used, the received 
signal strength can be estimated on the assumption that a beam is 
radiated to a target located at an estimated azimuth. When the 
target azimuth is about 12.0°, the relative angle to the outermost 
angle of about 10.0° is about 2.0°, and the relative gain of the 
transmitted-received beam is about -10 dB according to Fig. 3 as 
compared to a case when the beam azimuth is the outermost angle of 
about 10.0°. Consequently, if a beam is radiated in the direction 
of about 12.0°, a received signal having a strength that is about 
1 0 dB higher than the received signal strength detected when the 
beam azimuth is about 10.0° will be detected. In this manner, the 
received signal strength when the beam is directed to the beam 
azimuth and a scattering cross-section can be estimated from the 
received signal strength of the outermost beam. In other words, 
the approximate size of the target can be detected. The term 
"scattering cross-section" herein means the radio-wave 
reflectivity of the target converted into a cross-section of a 
sphere nr 2 (m 2 ) , where r (m) is radius of the sphere. For a 
millimeter-wave radar, the scattering cross-section is about 10 
(m 2 ) for a vehicle, and is about 1 (m 2 ) for a bicycle. 
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Next, a radar according to a second preferred embodiment will 
now be described. The structure of the hardware is preferably the 
same as that of the first preferred embodiment. 

The width of the azimuthal directions having antenna gains 
exceeding a predetermined threshold level is defined as a beam 
width, and a beam scans at angular intervals narrower than the 
beam width. At this time, if a target exists outside the 
outermost angle, the received signal strengths of a plurality of 
beams located inside the outermost angle exceed a predetermined 
threshold level. 

The radar according to the second preferred embodiment 
estimates the target azimuth on the basis of the number of these 
beams and the received signal strengths. 

Fig. 9 illustrates an example of changes in the received 
signal strength as a function of the beam azimuth. As illustrated, 
the received signal strength increases as the beam azimuth 
approaches the outermost angle of about 10.0°, and this signal- 
strength profile forms part a portion of a convex. 

In this example, the number of beams having received signal 
strengths exceeding the threshold level is four including the beam 
at the outermost angle of about 10.0°. 

For example, when a beam is scanned within a range from about 
-10.0° to about +10.0° in 41 steps at intervals of about 0.5°, the 
beams exceeding that exceed the threshold level are numbered #1 , #2, 
#3, ... from the inside, and the received signal strength AP (dB) 
that exceeds the threshold level is determined. Fig. 10 
illustrates the relationship among the above-described beam number, 
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the received signal strength AP, and the target azimuth. 

For example, when the number of beams having a received signal 
strength cxcGcding that exceeds the threshold level is four and the 
received signal strength AP of the outermost beam (#4) is about 20 
dB, the estimated target azimuth is in a range from about 11.5° to 
about 12.0° . 

According to preferred embodiments of the present invention, 
when a target exists adjacent to a predetermined scanning angular 
range, a signal-strength profile having part a portion of a convex 
adjacent to the outermost angle in the scanning angular range is 
determined. Since the approximate target azimuth is estimated 
from this signal-strength profile, the target azimuth can be 
detected beyond the scanning angular range. 

Moreover, according to preferred embodiments of the present 
invention, since the target azimuth is estimated from a ratio the 
difference between received signal strengths at at least two beam 
azimuths, the target azimuth can be estimated with a small amount 
of data and with a simple calculation. 

Furthermore, according to preferred embodiments of the present 
invention, since the reflectivity of the target is determined on 
the basis of the ratio between the received signal strengths at 
the two beam azimuths and the directional characteristic of the 
antenna, not only the azimuth but also the approximate size of the 
target can be detected for a target outside and adjacent to the 
outermost angle in the scanning angular range. 

In addition, according to preferred embodiments of the present 
invention, since the target azimuth is estimated from the number 
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of beams having received signal strengths exceeding a threshold 
level and from the received signal strength of at least one of the 
beams in an azimuth range of half of a beam width, from the 
outermost angle, having antenna gains exceeding a predetermined 
threshold level, the target azimuth adjacent to the scanning 
angular range can be estimated with a simple process. 

As described above, the radar according to preferred 

embodiments of the present invention can detect the target azimuth 
beyond the scanning angular range, and is useful for, for example, 
millimeter-wave car-mounted radar, 

While the present invention has been described with respect to 

preferred embodiments, it will be apparent to those skilled in the 
art that the disclosed invention may be modified in numerous ways 
and may assume many embodiments other than those specifically set 
out and described above. Accordingly, it is intended by the 
appended claims to cover all modifications of the invention which 
fall within the true spirit and scope of the invention. 
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